Abstract: Agricultural production faces several types of risk, and risk management tools vary by place, season, and crop type. Most farmers use multiple risk-minimizing tools to reduce the effects of various hazards. However, previous research has overlooked the potential connections between different risk management tool utilization decisions. This study examines farmers' decisions of adopting risk management tools (contract farming and precautionary savings) and investigates the impacts of various factors on farmers' risk management decisions by using bivariate and multinomial probit models. The study was carried out in four different agro-ecological regions of Bangladesh with 350 farmers chosen through multistage stratified random sampling procedures. The findings revealed that the farmers' decisions towards adopting risk management tools are correlated, and the adoption of one risk management tool may induce farmers to adopt other risk management tools at that time. Moreover, the results revealed that age, education, income, and land ownership are the major factors affecting the adoption of risk management tools, and most farmers are risk-averse in nature. Both models provide interpretation and information for the development of a better understanding of the current situation of rural farm households, which may serve as a platform for policymakers who are anticipating appropriate risk management tools for the farmers.
Introduction
Risks and uncertainties are closely related to agricultural activities due to the uncertain economic and biophysical circumstances according to which farming operates [1] . In agriculture, risk and in the poultry and fishery sectors as well as human food sectors [31, 32] . As maize contributes 60% of the animal feed, it is estimated that in 2020 feed demand in the poultry sector alone will be 6.5 MMT, and maize will account for 3.9 MMT [30] . Also, in Bangladesh, the nutritional requirements of the increasing population are not being met by the traditional crops, which include rice and wheat. This has led to a widespread turn away from traditional rice-rice and rice-wheat cropping systems and toward rice-maize systems [33] , however, natural calamities reduce the profit as well as the attraction of maize production among farmers. It is important to understand the RM strategies of maize for farmers as well as for policymakers. An understanding of farm characteristics, risk attitudes, risk perceptions, and RM usage policies is crucial to fill the demand gap for maize and enable sustainable income for farmers. Therefore, the prime concern of study is to elaborate the information related to the RM strategies of farmers, especially the participation in contract farming and adoption of precautionary savings, and their behaviors. Thus, the main objectives of this study are: (1) evaluation of the impact of farm and farm characteristics, farmers' risk perceptions, and their risk attitude on their decisions to adopt the two RM strategies; (2) to investigate the linkage between farmers' decisions for adopting the two RM strategies.
This study also reveals that both RM strategies have a positive impact and most of the farmers are risk averters. This infers that strategies cannot be evaluated solely in terms of expected output, but risk must be considered. Lastly, the findings of risk perceptions and attitudes of farmers regarding RM strategies from bivariate and the multinomial analyses enables us to formulate better policies for agricultural development.
Literature Review and Theoretical Background
In this section, some related literature about the different causes of agricultural risk and different factors affecting the decisions of farmers for adopting the risk management (RM) strategies for reducing risk at the farm level are presented.
Hardaker et al. [2] made a distinction between two important forms of risk in the field of agriculture; firstly, the risk in business posed by the risk in production, and secondly, the financial risk that remains a result of various systems of funding to different farm businesses. As stated by Drollette [6] , in the agriculture sector, production risk is the most important risk. But, according to Harwood et al., the climatic risk is paramount among all production risks for developing countries [34] . In the field of agriculture, along with the features of the farm and risk situation, RM strategies differ from one another, as presented by Hope and Lingard [35] . The choices and communications associated among the farmers are independent of risk attitudes, risk perceptions, and purposes, in addition to the existing resources [36] [37] [38] . A group of researchers similarly found that farmers risk choices differ significantly with their age [25, 39] , literacy level [40] , earnings [41] , farming practice [42] , farmstead size [43] , and land proprietorship status [44] .
Another group of researchers discussed the influencing factors of a single adoption of an RM tool, rather simultaneous adoption, and their linkages [45] . The implementation of the RM strategies depends on various factors, including irregular conditions of weather, inconsistency in output and input prices, rapidly advancing technology, and farmer indebtedness. Besides these factors, features of farms, farm families, risk observations, and attitudes of farmers considerably affect farmers risk management choices [46] . The bivariate and multinomial probit models calculated the impacts of different risk managing approaches which are concurrently accessible and usable to the growers [1, 13, 23, 47] . In the existing literature, the theoretical causes and effects of farmer's choices about RM are properly acknowledged. However, the simultaneous adoption of multiple risk-coping strategies, i.e., contract farming and precautionary savings, are less studied. Most importantly, a few existing available studies were conducted for different economies, except for Bangladesh. To fill this gap, we investigate the simultaneous adoption of two RM tools among maize cultivators in Bangladesh by considering the bivariate and multinomial probit models. We also measure the influence of several issues on the implementation of these two tools for risk reduction.
The relationship between different risks and associated RM tools are presented in Figure 1 . 
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The current research mainly emphasizes contract farming adoption and precautionary savings for a reduction in farming risks among maize cultivators in selected areas of Bangladesh. Primary data for the study was collected from May-July 2018 from four different agro-ecological regions of Bangladesh by a farm-survey ( Figure 2 ). The multistage stratified random sampling procedure was used to collect data from 350 farm households in 35 villages. In Bangladesh, most farmers do not keep data record properly, so most of the data were collected from the farmers as a method of declaration. Data were collected from 7 villages in the Manikgonj district, signifying wet agro-ecology; 10 villages of the Dinajpur district, signifying dry agro-ecology; 8 villages of the district of Comilla, signifying wet agro-ecology; and 10 villages from Bogra district, signifying semi-dry agro-ecology. The interview schedule contained all related data concerning socioeconomic aspects of the farming households, sources of income, farmer's perceptions regarding various sources of risk for the maize crop, and indicators for assessing risk attitudes of farmers and risk perceptions together with an apparent arrangement of RM strategies applied for maize production. data for the study was collected from May-July 2018 from four different agro-ecological regions of Bangladesh by a farm-survey ( Figure 2 ). The multistage stratified random sampling procedure was used to collect data from 350 farm households in 35 villages. In Bangladesh, most farmers do not keep data record properly, so most of the data were collected from the farmers as a method of declaration. Data were collected from 7 villages in the Manikgonj district, signifying wet agro-ecology; 10 villages of the Dinajpur district, signifying dry agro-ecology; 8 villages of the district of Comilla, signifying wet agro-ecology; and 10 villages from Bogra district, signifying semi-dry agro-ecology. The interview schedule contained all related data concerning socioeconomic aspects of the farming households, sources of income, farmer's perceptions regarding various sources of risk for the maize crop, and indicators for assessing risk attitudes of farmers and risk perceptions together with an apparent arrangement of RM strategies applied for maize production. 
Empirical Specification
Contract farming and precautionary savings are two RM adoption choices and are dependent variables for analysis. Because of frequent adopting of tools by maize growers, these two tools were selected in our sampling. Along with these tools, four apparent arrangements of these strategies were used as the foundations of the dependent variables for the multinomial probit assessment. The four probable arrangements which can be adopted by maize growers are: (1) Not using a risk management tool, i.e., the farmer didn't implement contract farming or precautionary savings; (2) use of only contract farming; (3) use of only precautionary savings, and (4) usage of both RM tools concurrently. Table 1 includes the elaborated percentages of maize producers with various combinations of RM tools. Table 1 indicates that most farmers have not used risk management tools (32.28%), and the second largest category was the use of contract farming (28.29%). Combination 4 (both the RM tools combined) was used by 24.29% of the respondents, whereas 15.14% farmers used only precautionary savings. Contract farming involves agricultural production carried out on the basis of an agreement between the buyer and farm producers which establishes the conditions for the production and marketing of a farm product or products. Typically, the farmer agrees to provide specified quantities of a specific agricultural product. These should meet the quality standards of the purchaser and be supplied at the time determined by the purchaser. In turn, the buyer commits to purchase the product and, in some cases, to support production through, for example, the supply of farm inputs, land preparation, and the provision of technical advice. Contract farming provides a better linkage among production, processing, and marketing, and all actors in the value chain-farmers, retailers, custom hire machine operators, retailers, traders, processing companies, and bankers-are key stakeholders. Among the various uses of contract farming, its important role in risk management is considered for the study, and included in the analysis as 1 if the farmer uses contract farming only for the purpose of risk management, and 0 otherwise.
Precautionary Savings
Increased uncertainty regarding future income generates the so-called precautionary savings. The precautionary motive of farmers to delay consumption and save in the current period arises due to the underdevelopment of insurance markets. Accordingly, individuals will not be able to insure against bad production and economic circumstances in the future. To avoid adverse effects of future income fluctuations and retain a smooth path of consumption, they set aside a precautionary reserve, called precautionary savings. Precautionary savings are widely used as ex-post shock absorbing mechanisms, mostly by small farmers. It is included in the analysis as 1 if the farmer is using it as an ex-post risk coping tool only to reduce the negative shocks to their farm incomes arising from adverse weather conditions, and 0 otherwise.
Independent Variables
Socio-Economic and Demographic Factors
The demographic and socio-economic aspects reflected through the paper are the respondent's age, education level, experience in farming, their monthly family income, size of family, and household farmstead size, together with the type of land in possession. Education, age, and experience of farming of the family are continuous variables; symbolizing the count of years, the income of the household is its total earnings in a month from off-farm and farm resources in Bangladeshi Taka (BDT). The number of household family members was used to measure the size of the family, the number of hectares operated by the household was used to measure the size of the farm, and the status of ownership of the land is scored as 1 if the family owns the farming property, and 0 if otherwise.
Risk Perception
The catastrophic risks can be classified into six categories. These are stated as: (i) Flood risk, (ii) heavy rain risk, (iii) pest and disease risk, (iv) drought risk, (v) heavy wind risk, and (vi) hailstorm risk. Farmers were asked to score the occurrence and harshness of each risk source on a Likert scale (LS), from 1 (very low) to 5 (very high), in order to observe how significant each source is considered in terms of its potential impact on their farming enterprises. Risk factor (RF) can be obtained if the risks are ranked and created on the production of livelihood (P) and the consequence (C). A risk matrix [48, 49] was prepared to combine the scores. If RF is from 2-5, it is classified as low, and if the RF is between 6-10, it is considered to be high. The variables of risk perception from the analysis are considered to be 1 if the farmer realizes that the disaster risk is a high-risk source for their farm, and otherwise it is scored as 0.
Risk Attitude
The risk attitudes of the farmers, based on the Equally Likely Certainty Equivalent (ELCE) model, is measured through utility function. The ELCE model [2] is the most commonly used method for eliciting utility. Certainty equivalents (CEs) are derived for a sequence of risky outcomes and matched with utility values [50] . For example, if the farmer has been asked to specify the economic value of an outcome between two risky results in BDT (total income of the household in Bangladeshi Taka, say 30,000 BDT and 0 BDT, with identical possibility), let us assume the response was 21,200 BDT. If the farmer was requested again to specify the economic value of a sure outcome that makes him remain same to both the risky outcomes of 21,200 BDT and 0 BDT with equal possibility, assume, the reply was 11,600 BDT. This procedure was sustained until an adequate amount of data points had been accumulated. For the residual half of the income circulation, the respondent had been asked to define the economic worth of a stated result that has been viewed the same among 21,200 BDT and 30,000 BDT, each having a 0.5 probability. Plenty of CE equivalent results were found and coincided among their corresponding utility scores following this process. The utility scores attached to the lesser bound income (BDT 0) and to the upper bound income (30,000 BDT) are 0 and 1, respectively. The response of the farmer for BDT 21,200 was his estimated CE for payouts that would be uncertain out of 30,000 BDT and 0 BDT with same probabilities (0.5 each), and the CE utility value is calculated as: In a similar way, the utility values for each calculation of CE points are computed and displayed in Table 2 . Table 2 . Example to elicit certainty equivalents (CE) and compute utility values (UV).
Stage
Elicited Subsequent to the derivation of numerous CEs and comparison of the equivalents with the values of utility, a cubic utility function was used for estimating the utility of every farmer. The cubic utility function equation is as follows:
Risk aversion, risk perception, and risk attitudes are all clear parts of the cubic utility function [50] . An ordinal scale is usually used for measuring utility; however, to define absolute risk aversion, it can be described as an ordinal scale having a utility function on it which can be transformed by changing its shape into a calculable measure of risk aversion [51, 52] . The absolute aversion to risk can be mathematically defined using the equation:
In Equation (3), r a (W) can be defined as a coefficient of absolute risk aversion, and U 1 , U 2 are 1 st and 2 nd order derivatives of capital (W), respectively. To analyze the equation, the outcome was replaced for capital or wealth [53] . The r a (W) was found to be optimistic, negative, or zero, depending on certain parameters. Firstly, in the case where the individual is risk-averse, the result is positive; otherwise, if the farmer desires risk, then it is negative. Finally, if the farmer is unaffected by the risk, then the result is zero. The analysis expresses the risk attitudes of the growers, denoting the representation as 1 when an individual reflects risk-averseness and 0 in any other case. Following a similar methodology, a regression analysis was carried out independently on 350 farmers for the purpose of calculating the risk aversion coefficient to additionally analyze the risk attitudes shown by maize cultivators in the field.
Analytical Models
Bivariate Probit Model
Evaluating the perception of risk and the risk attitudes of the growers for different sources of risk related to the production of maize, a probit model has been used due to binary nature of dependent variable for assessing the influence of different on farmers' decision-making regarding adoption of contract farming and precautionary savings. An individual probit model was used where the dependent factors (contract farming and precautionary savings) are dichotomous in nature. Similarly, a bivariate probit model which calculates the probability of a concurrent connection between the growers' decision for adopting contract farming and precautionary savings can be described as follows:
Y ij = X ij β j + ij (4) In Equation (4), Y ij (j = 1, . . . m) reflects the options for risk supervision, i.e., contract farming and precautionary savings accepted by the i th farmer (i = 1, . . . , n), X ij = 1 × k reflects the vector for the experiential factors that distress the decision for such adoption for RM, and β j = k × 1 reflects the vector of constraints that are yet to be calculated, and ij = ignored error term [54] . In the relation stated, each Y j = bivariate factor was calculated by:
In Equations (5) and (6), Y 1 * and Y 2 * are the suppressed variables that represent each decision for implementation of risk strategies. For example, Yj = 1 if the score is greater than 0, otherwise it will be 0.
Multinomial Probit Model
In the multinomial probit regression, the choice set is made up of all possible combinations of risk management tools instead of just the risk management alternatives by themselves [13] . With two alternatives for RM in the study, a maize grower would choose to adopt from four possible combinations. Given the set of choices, a multinomial probit model can be identified as follows:
In Equation (7), Yi represents the tool combination for the RM. Where, Y i = 1, . . . , m; that i th producer (i = 1, . . . ., n) chooses, and X i = 1 × k vector of the defined variable that affects the maize grower's chosen RM combination, β = k × 1 vector parameters that are yet to be calculated, and i = the undefined error term. The error term is set to be multivariate and normal with the mean as 0 and an inconsistency covariance matrix ∑. Farm and household features including farming experience, education, household size, age, total revenue, land possession status, size of the maize farm, farmers' perception of risk sources (heavy rainfall, risk from flood, pest and diseases, heavy wind, hailstorm, and risk of drought), and the farmers' risk aversion are the independent variables.
Results of the Study
Summary Statisitics of Variables Used in Empirical Models
Here, Table 3 represents the descriptive statistics of several variables applied in the investigation. Most farmers designated the heavy rainfall or hailstorm risk, heavy wind risk, and pest or infection risk as important risk sources, respectively. To escape any kind of undesirable circumstances originating from various types of risk sources of maize production, almost 56% of farmers were growing maize through contract farming arrangements, whereas less than half of the growers used precautionary savings as an RM tool. 76% of Bangladeshi farmers demonstrated risk aversion from the sampled set of the selected area. These outcomes are consistent with past research including Lucas et al. [44] , Dadzie et al. [25] , and Raza et al. [1] , who similarly elaborated that the majority of farmers from the sample set are risk-averse naturally. Source: Survey data, 2018.
Results from Probit Models
The estimated parameters from the bivariate and individual probit models are presented in Table 4 . The bivariate probit and individual probit models were mainly applied to conduct the analysis and for comparison purposes based on the maximum likelihood method. For the two adoption choices for RM, the coefficient of correlation is the paired association among the error terms of the two equations in the bivariate probit model to infer the selection of probit models from either bivariate or individual probit models [55] . The correlation coefficient is positive and statistically significant, affirming the bivariate probit method rather than the two independent probit models. The positive correlation coefficient further specifies that the choice to implement one specific RM approach suggests that the alternative approach will be accepted [55] . The likelihood ratio test of ρ kj (3.19067) and Wald χ 2 (28) test (139.87) also infers the bivariate probit, and not the independent probit models. The hypothesis H 0 of conjoint nullity of ρ kj can be rejected. Numbers in parenthesis are normalized standard errors. *, **, and *** represent respectively statistical significance at 10, 5, and 1 percent level.
Results of Individual and Bivariate Probit Models
Age, farming experience, education, farm size, monthly income, status of land ownership, and risk-averse habits of the household head are important variables affecting the adoption of contract farming. In this study, age has a positive effect on contract farming adoption. Older people may choose less risky investments by participating in the contract farming to avoid the negative impacts of unfavorable climate. Earlier studies establish mixed outcomes of age on farmer's choices to accept contract farming for managing farm level risk. For the age variable, the outcomes of our study are in agreement with Cahyadi et al. [56] , Deressa et al. [57] , and Wencong et al. [55] , who similarly discovered a positive influence of age on implementation of contract farming, though Wainaina et al. [58] established a negative relationship between age and acceptance of contract farming. The effect of education is positively related to the adoption of contract farming. This may be because educated people can access more information and can identify the benefits of risk management tools. This is consistent with Tavernier and Onyango [59] , Kouame [37] , Wencong et al. [55] , and Ashfaq et al. [60] , who found a positive relationship between education and acceptance of contract farming as a RM tool. The result is inconsistent with Wainaina et al. [58] , who noted a negative impact of education on contract farming. The coefficient of farming experience indicated a negative relationship between contract farming and farming experience. An experienced farmer tends to avoid the use of contract farming. More experienced farmers may have more information about how to deal with natural hazards, and this type of experience with climate change may influence a farmer to avoid contract farming as an RM tool. Another possible explanation may be the fact that more experienced farmers generally stick to the use of traditional tools and are less adoptive of modern tools. Wainaina et al. [58] similarly showed a negative influence of farming experience on farmer's choices of implementing contract farming to cope up with farm risk. However, Wencong et al. [55] stated a positive relationship between farming experience with farmer's choice of accepting contract farming for RM. The results show that farmers with high monthly income are more likely to practice contract farming. A higher income attracts the farmer to contract farming to generate more income and less risky investments. This result is in agreement with Wainaina et al. [58] , but contrasts with Wencong et al. [55] and Rehima et al. [61] . However, it should be noted that the existence of reverse causality may bias our results. Contract farming also has the potential to increase farmers' incomes first, so they are more likely to participate further in contract farming [62] . In this study, land ownership has a positive effect on the adoption of contract farming. This may be because landlords find it easier to make decisions by themselves and tend to implement contract farming for the purpose of reducing the influences of adverse climate situations related to a tenant farmer's choices, which are associated with the owner's willpower. Moreover, Wencong et al. [55] claimed that owning a larger amount of land is a sign of taking a high capacity for risk, and vice versa. The results of this study suggest that people who do small-scale farming are more expected to adopt contract farming to cope with risks emerging from unfavorable climate situations. Furthermore, the outcome is dissimilar with Kouame [37] , Fawole et al. [63] , and Wencong et al. [55] , conveying a positive relationship between farm size and the acceptance of contract farming for managing farm risks. Again, this result suggests that the existence of a reverse causal relationship between land and participation in contract farming may bias our estimates.
The impacts of farmer's perceptions of risk sources on their choices to implement contract farming differ between variables. Variables associated with risk of flooding are positively correlated and similar to the results of Wencong et al. [55] , because Bangladesh often faces unexpected floods which wash away agricultural yields. To prevent extensive losses from crop production, farmers used contract farming to reduce the risk of heavy losses. Risk of heavy rains are surprisingly negatively correlated, which is in contrast with Wencong et al. [55] ; it may be that most of the maize production was done in the winter season in Bangladesh, and average rainfall is low in this season. Risk perception about pests and diseases has a positive but insignificant effect on the farmer's decision of adopting contract farming as a risk management approach. Moreover, the risk observation of drought and heavy winds may encourage the adoption of contract farming. Drought may lead to significant crop yield losses resulting in a decline of net returns from crop production. Because winter season farmers face a scarcity of irrigation water in different regions, they may adopt contracts. Also, Bangladesh suffers from frequent cyclones and unfavorable climates which create heavy winds, and as a result maize kernels may fall before maturity, reducing yield or profit. Hailstorms also have a negative impact on contract farming and reduce yield and profit. The farmer's risk-averse behavior also encourages adoption of contract farming for minimizing risks. Kouame [37] , Wainaina et al. [58] , and Wencong et al. [55] also established a significant positive effect of risk-averse behavior with the choice of adopting contract farming. However, we note that farmers' risk perceptions are subjective indicators, and we may have also captured other constraints that affect their decision to participate in contract farming when measuring these risk perceptions. Therefore, we recommend that the baseline results be interpreted as a causal effect with caution.
The factors affecting the adoption of precautionary savings include age, education, monthly income, land ownership, flood risk perceptions, drought, heavy rainfall, hailstorms, and risk-averse behavior of farmers. Age is negatively correlated with precautionary savings. Older people bear more responsibility and have more family expenses, so they don't have enough money for savings. This result is consistent with Jensen and Pop [64] , and Raza Ullah et al. [23] . They revealed that age has a negative effect on a farmer's adoption of precautionary savings. Mishra [65] conveyed that adoption of precautionary savings had a positive relationship with age. Farmers with more education are more expected to avoid adoption of precautionary savings for managing farming risks. A possible explanation for this situation may be the fact that educated farmers generally know more about markets and probable risks, so they are more aware of upcoming risks and thus do not need to save for natural hazards; rather they invest that money in other fields as a source of off-farm income. The outcome of the education factor is in agreement with Kouame [37] and Raza Ullah et al. [23] , who established that literacy has a negative relationship with precautionary savings. However, Mishra [65] perceived a positive relationship between the education of the heads of the household and precautionary savings.
Deressa et al. [57] proposed a positive relationship with age and education on the decision of farmers to sell livestock when facing a risky situation. Higher household monthly earnings encourage farmers to invest their income into some assets (especially liquid assets), which are sellable upon need. Most farmers in the study raise animals that are exchangeable for money to cope with climate disasters, and may also do some off-farm work. The outcomes mentioned above also indicate how important farming experience and farm size are, as these factors insignificantly yet positively affect the decisions of farmers in implementing precautionary savings as RM tool. The larger farm size provides a bigger asset base and encourages the accumulation of assets in liquid form to managing variations in the incomes of their farms. Experience in farming similarly plays an important role in the choice of implementing RM approaches. The results reveal that farmers who have more experience tend to adopt the precautionary savings approach compared to a farmer who has less experience. In this study, land ownership has a positive effect on the adoption of precautionary savings. Probably, landlords discover it easier to save personally and tend to save some form of liquid assets to reduce the influences of climate situations. However, tenant farmers face difficulties in saving because of their small amount of farm resources and little income. These results are consistent with Kouame [37] but conflict with Raza Ullah et al. [23] .
Farming risks rising from heavy rain, floods, and droughts might incite crop failure, severely affecting the farmers' livelihoods, for which cultivation is a principal source of earning and occupation. These sources of risk affect farmer's earnings and persuade them to invest in some liquid or semi-liquid resources that can be used as a buffer during difficult periods. Farmer's behaviors concerning risks likewise shape their decisions towards the adoption of precautionary savings as a tool for overcoming any environmental challenges. Since contract farming and precautionary savings are correlated, we exercise the same level of caution while interpreting the results of the precautionary savings model as causal effects.
The outcomes discussed above are the parameter estimations of the bivariate probit model. In contrast, parameter estimates are also provided for the individual probit model. For both approaches, the symbols and consequence effect levels are equally alike. However, the bivariate probit approach helps the calculation of the conditional marginal effects (i.e., marginal effects conditional on the adoption of other RM tools), whereas the individual probit method does not permit such estimation [13] .
Marginal Effects of the Estimations
Marginal effects highlight the discrete or instantaneous rate changes from odd ratios [1, 13, 55] . They also show how the dependent variable response causes changes in independent variables [1, 13] . The maximum marginal effects of the individual probit method tend to be higher than the marginal effects of the bivariate probit method. This indicates that while another RM tool is used, then the effect of that influences the likelihood to adopt another RM tool [13] . Thus, the marginal effects estimates are reported in Table 5 . The level of significance is high in marginal effects compared to the previous calculation.
For the contract farming equation in the bivariate probit approach, age and education are significant at 5% and 10% significance level, respectively, while the marginal effects of these variables are significant respectively at 1% and 5% significance levels. Likewise, in the precautionary savings equation of the bivariate probit model, observed heavy rains risk is at the 5% level of significance, while its marginal effect is significant at the 1% level in Table 5 . Another general insight from Table 5 shows that the bivariate probit model is more significant for the marginal effects in comparison to the marginal effects drawn from individual probit method. Table 5 also reveals that the marginal effects of the bivariate probit approach are more significant than marginal effects from the individual probit approach. This suggests that the effects of the factors on the likelihood of adopting a risk management tool tend to be tempered when another risk management tool is already being used. Figures in parenthesis are standard errors. *, **, and *** represent respectively statistical significance at 10, 5, and 1 percent level.
Results of Multinomial Probit Models
In this study, we have considered contract farming and precautionary savings as two RM management tools which comprise four different RM arrangements. There is a possibility of utilization of more than one RM tool, or combined use of risk-reducing tools simultaneously by farmers. Producers have to pick just one arrangement among the four. The different combinations from Table 1 are used as dependent variables in the multinomial probit model. The dependent variable is coded in such a way that Y i = 1, . . . , 4 and only one arrangement (of the four) is selected by the producer. Table 6 represents the estimations of the parameters from the multinomial probit model. The results obtained from the multinomial probit model are different from the bivariate probit model due to producers' consideration of the factors affecting the arrangement of RM tools. Without age, monthly income, and education in the equation of precautionary savings, the noteworthy variables are same for both (bivariate probit and multinomial probit) models, which indicates the robustness of results. Also, except for farm size and land ownership, the parameter symbols are equally parallel in both methodologies. For the precautionary savings equation, farm size is positive in the bivariate model, although it is negative in the multinomial model, and reverse for land ownership. The factors encouraging contract farming adoption are risk perception of pests and diseases, drought, and wind, which is similar to the bivariate and individual probit model, except for flooding. Regarding precautionary savings, the most important factors are flooding, heavy rain, and pest-diseases, where flood and heavy rain is similar to the bivariate model but different in case of drought and hailstorm. Moreover, the factors encouraging the use of combination 4 are monthly income, land ownership, the risk of pests and diseases, hailstorms, and risk-averse nature of farmers. Age, family size, farm size, and risk of flood contribute to farmer's decisions of adopting combination 4; however, the effect of these variables is insignificant. Notably, in this case, causal identification is difficult. It is unclear whether contract farming increases farmers' precautionary savings and vice versa. As discussed by Bellemare and Bloem (2018) , participation in contract farming is endogenous because both growers and processors choose whether to contract each other [66] . Therefore, our results only indicate that choosing one RM may result in another RM choice. Figures in parenthesis are standard errors. *, **, and *** represent respectively statistical significance at 10, 5, and 1 percent level.
Conclusions
In modern times, there are several options for managing agricultural risks. Agricultural producers use several RM strategies simultaneously. However, most previous studies have ignored the correlation between farmers' adoption of RM tools and prospects of using RM tools simultaneously. Therefore, this study was designed to investigate the impact of farm and farm characteristics, as well as farmers' perceptions of different risks, and their risk attitudes in making decisions about the two selected RM tools-contract farming and precautionary savings. The current research work also describes the link between farmers' decisions for adopting the two RM tools through bivariate and multinomial probit methods.
The results of this study confirm the correlation between farmers' adoption of contract farming and precautionary savings in order to manage farm risks. It also concluded that the adoption of one RM tool would encourage farmers to use another RM tool simultaneously. The results indicate the significance of household head's age and education, the experience of farming, monthly income, and ownership of land, and the influence of risk-averse attitudes of farmers on their decisions in adopting RM tools. However, we recognize that the existence of reverse causal relationships may lead to estimation bias. Although the study covers only four districts of Bangladesh, the results can be generalized in the contexts of all developing countries, specifically in countries where formal RM tools such as crop insurance are ineffective or absent. By analyzing RM choices, it can be understood that better explanations, better speculation, and additional factors which could develop the acceptance of farmer's RM choices can be provided through both of bivariate and multinomial probit methods. The information provided in this study will help the government understand farmers' risk behaviors and develop better policies for farmers to improve the performance of risks management tools. The results of this study will help stakeholders who need information to devise better RM tools for minimizing farming risks.
Future research will also benefit from this study as it helps to identify the different sources of risk typically associated with agricultural crops, especially considering the occurrence of different sources of risk and the accompanying problems. The government should make necessary arrangements for conducting training programs through developed extension services for spreading awareness with respect to the adoption of crop insurance as the main risk-reducing tool.
